the molecules repel each other; or in terms of the analogous constants C ( ), to be defined below, when d is negative and the molecules attract each other. In this paper, the values of A(' ) ( ) , A (2)) , C(1 (F,) and C )(S " ) are calculated for [ = 2 and F = 3.
2
Although the second virial coefficient would be infinite in each of these cases, the transport coefficients are finite. The evaluation of the collision integrals is not difficult for either of the repulsive cases. When F = 2, A '1 (2) and A" ' (2.) may be expressed in closed form. When F = 3, a formulation of Mott-Smith 3 may be used to obtain a rapidly converging infinite series for these collision integrals.
The integrals resulting from the attractive potentials are somewhat harder to evaluate because of the spiraling of the molecules in collisions where the impact parameter is less than a critical value.
J. 0. Hirschfelder, C. F. Curtiss, and R. B. Bird; "Molecular Theory of Gases and Liquids"; (John Wiley, 1954) ; p. 546.
We find that for either attractive or repulsive point forces, the A (i) and C 0)
are infinite. The second virial coefficients (MTGL, Ref., l, p. 156) are infinite. for either attractive or repulsive potentials if is not greater than 3.
oH. M. Mott-Smith, "A New Approach in the Kinetic Theory of Gases", M. I. T.
Lincoln Laboratory, Group Report V-2 (December, 1954).
-2-When = 2, this spiraling results in an infinite angle of deflection whenever the impact parameter is less than the critical value, and causes singular behavior in a part of the collision integral. This part of the integral is approximated, and the remainder is obtained in closed form.
For -3, the critical impact parameter corresponds to a singular point in the collision integrals. The asymptotic behavior in the vicinity of the singular point is investigated and the integrals are evaluated numerically. Use is made of the fact that with b = 3, the angle of deflection is simply etpressable in terms of incomplete elliptic integrals of the first kind.
4
The collision integrals are defined in the following way. The collision of two molecules is considered as the equivalent one body problem. A particle with reduced mass p = /'i 21 approaches a fixed center of force with initial 4 ,4 wz speed g and impact parameter b. The potential energy of interaction is given by Eq. (1), where d is a constant, and r the distance of the incoming particle from the scattering center. Figure 1 shows the trajectory. Case where particle passes through center of force.
-4-
The upper limit on the integral is the first positive root of the polynomial in the denominator of the integrand.
Then the collision cross-sections for the various transport properties are
given by
II where the molecular collision integral, A( () is given by
)
When the potential is attractive, d = -a and the potential has the form (r') = -a r -9 6
Also, let us define
(7)
It is easily seen that with (3 , which is a real, positive quantity, Eq. (3) becomes,
for an attractive potential
If / is greater than # crit' the polynomial in the denominator of the integrand has a first positive root, ym('6 ). However, if /6 is less than 13 crit' Ym (3) = Co corresponding to the fact that the incoming particle actually passes through the center of force, r = 0, and then goes out again. In this case, the angle of deflection is given by 
The evaluation of A(1)(2) and A)(Z) was carried out by John S. Dahler with the help of Donald W. Jepsen. 
A'

(17)
But it is easy to show that
7-Z T)(18)
where
Thus we obtain
6 "Tables of Sine, Cosine, and Exponential Integrals", Vol. II, WPA (Federal Works Agency, Works Progress Administration for the City of New York.) (1940) .
In the case of the inverse cube repulsive potential, we were able to make use 3 
where the F ( X ) sin'
is given by p=O The D are constants, depending only on with the H(2) given by
, we obtain the results given in Table I . The two cases which are of interest are then
Thus we obtain 
and then go back and obtain the critical value of c --
For the attractive case, with = 2, the angle of deflection is, from
Eq. (8)
and (9) and -2 2 (38)
In spite of the infinite value of the angle of deflection for all values of less than . one may still obtain the collision integrals. Eq. (11) is split into two parts
The second of these, the , are obtained in closed form. Taking the expression for X from Eq. (39), and letting x = (1-iL
These expressions may be integrated by parts to give 71r C) ...
H (2) -
4-A ly
These may be rewritten as
The first integral in each case is found in Bierens de Haan , and second we found in the evaluation of AM (Z) and A ( 2 ) (2). Thus
Therefore,
5) (vq)
(51)
The values of the integrals G ( may be approximated in the following way. Here (9 1 and z are given in Eqs. (9) and (8) respectively.
In evaluating C 1 ( 1 )(3) it is convenient to change the variable of integration from z to q to q where q is minus the (only) real root of the polynomial in the denominator of Eq,
,3 cJL~~(
Since the real root is negative in the range 0 ( < a < (.) 1/3 q is positive,
Making the change of variables,
which is an incomplete elliptic integral of the first kind Thus,
(~5~j
~(63)
where -16-
The integrals 1(1) and i(2) were evaluated numerically using Simpson's 1 1
Rule with interval sizes of .04 in q 2 from 0 E qZ .40 and intervals of .0Z 2 2 for larger values of q . The integrands were evaluated at these values of q by making use of Eqs. (63) and (67) 
Since -- 
. (94) e ( , 2 -uo 7 .C)( . ) + OycU,,1/7R I-
L [(,$1ql.4/ -6,/107 7~ [t . OI4dc)
I2(95)
Thus we obtained
The integrals 14(1) and 14( are evaluated with the help of Eq. (93). 
From Eqs. (68), (73), (78), and (100) and Eqs. (68), (74), (79), and (101) respectively, we obtained 
Since y( 1 ) = p, it follows that
3(105)
which is another elliptic integral of the first kind. 13
13Ref. 9, p. 74, eq. 234. 00.
Eq. (60) 
45'J 4J(1)
where 
From Eqs. (8), (117), and a power series expansion of cos K, one finds that
Powers of ( p -1) higher than three are neglected in Eq. (120) and 0( is chosen so that the integrand of Eq. (119) 
Since the cosine term of Eq. (115) has infinitely many oscillations in this region, to a sufficient degree of accuracy, the factor (1 + cos Z29 ) can be replaced by its mean value of unity in the integral for j .4(1) Thus, a good estimate of J4( is J (1) and max
-27-The best estimate of J4 ( 2 ) is obtained in a similar fashion. Here, the z (2) maximum value of (1 -cos 2 is unity so that the maximum value of J14(
The average value of (1 -cos Z20) is one-half, so that our best The angle I is evaluated for values of q listed in Table a -3Z- Table a -xq ( Z crit ) 
